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131GH—~ ATTACK OF VARIOUS COMEOUNIE ON lKNJR

HEAT-RE3G’3TINGALLOYS

By D. G. Moore, J. C. Riclmmnd, add W. N. Harrison
●

h the preparation of suitable protective cermic coathgs for heat-
resisting alloys, indications were that certain of the comon coating
ingredients were react- with the alloys and thereby limiting the life ‘
of the coated spechens at the tempemdmres of operation. 5s effect
waE acute in the case of Hastelloy B alloy. b order to obtain a pre-
Mminn indication of the id.entity of the ingredients that were causing
the d.ifficulty, a total of 61 compounds, all of w~ch conttied elements
that have been or might logically be used in coatings, were tested by
placing a small pulverized ssmple of each c~ound on the cleaned surface
of an alloy spec@mn and heating in air for 17 hours at l~” F. Visual
examhatione were then made to detexmdne the degree of attack, if any.[
The results indicate: (1) That Hastelloy B is much more susceptible to
heavy attack by corrosive coating ~edients when heated in air than the
other three alloys s~ed (S-816, S-590, ma Hayues Stellite No. 21),
(2) that of the c~onents that reacted with the alloys, the alkalies,
lead compounds, and some of the a3kaline earths gave the most pronounced
attack, (3) that the attack of the alkalies on Hastelloy B does not occur ‘
3n a carbon-dioxide or a helium atmmphere, snd (4) that it should be
possible to prepare coattag compositions which will petit the cersmic
coating of high-molybdenum alloys to prolong their life under operating
conditions which now produce early deteriomtion.

INTRODUCTION

It iE logical that some or all.alloys, when protected with heat-
resist~, tightly adherent, ceramic coatings might be operated safely
at higher gas temperatures than can be endured for a sufficiently long
period by the uncoated alloys. The potential usefulness of such a
coating is, of course, greater for alloys which are readily attacked by
atmospheres encountered h service.

O% of the problems in the deve@ment of stable coat@s for
conttiued use at high temperature is the preparatim of c~ositions
that do not hsx@uUy react with the alloys. The early attempts to apply
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ceramic coa~ings to Hastelhy B alloy in this study made it obvious that
such react: d waq occunhg. The eltmlnation of this reaction seemed
Iossible, however, ly identifying the reactive ingredients and excludimg
them from the coating.

The present report is concerned with a study of the attack of
various compounds conta~n coating ingredients, or possible coat3ng
~edients, on the high-molybdenum alloy, I@MJ_oy B, ad also on the
following alloys, which were included for purposes of comparison: S-8+6,
S-~gO, and Haynes StellLte No. 21 (a Vitallium type).

MAmuAIs, TEST PRxmuRE, m Iwsm3s

The compositions of the four alloys Included in the study are listed
in talileI in which the source of the alloys in each case is also
indicated.

The various compounds which were tested for reaction with the alloys
were pncured from different sources and were not, in all cases,
chemica33y pure. The approximate purtty of most of the compounds is
given in table II which aho shows the results of the tests.

Specimens of Hastel.loyB were prepared by cutting scrap turbine
Kbdes tito sections approximately 1 square inch in area and 1/8 tich
thick. The other alloys were available in sheet form, and specimens
were prepared by shearing sections approximately 1 inch square.

The metal specimens were marked for identification%y nuaibers
stamped on the lack and were given a light sandblast immediately before
a test w started. Ik the first tests, the specimens were bedded in
alumlnum otide on a stainless-steel rack, and approximately 1 gram of
the test material was @aced in a pile in the center of each spec~n. ‘
b later tests the specimens were placed directly on the stainless steel
without the use of my bedding material. UsuaUy L? or 16 specimens were
tested at one time. Specimens of sJJ_four alloys were treated shm.iL-
tameously with each coropouqd.

The stainless -steel rack containlnn the spechens was placed in a
&all electric furnace, the temperature of which was maintained
at 1~0° * 10° F. At the end of the 17-hour test period, the specimens
were removed and allowed to cool. They were then examined visua13y,
with and without the aid of a Mnocul.ar microscope, and any evidence of
attack noted. After a light ssndbhst, which removed the scale produced
by heating, they were again exaadned for pitting or any other irregu-
larity of surface. *

The attack. when it occurred. was usualM more pronounced at the
edges of the pi~e sad was evidenc&d by excessive
discoloration, or, in severe cases, deep etching
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Quantitative measumment of attack was not attempted because the varied
fores h which it took place made it difficult to obtain coruparalledata
and because for the purposes of this study qualitative data appeared to
be adeqyate.

Table 11 sunmarizes the data obtained from these heating tests.
of 61 co~ounds, ord.y23 showed no attack on Hastelloy B, while the
mmiber showing no attack on S-816 was koj on S-59, klj and on Haynes

Stellite No. IZL,33. b gen,eraljthe lead compoumis and alkali salts
were most corrosive on the alloys although some of the alkaline earth

out

cowounds also showed considerable attack. With 25 of the 61 conpounds

the attack was more pronounced on Hastelloy B than on the other three
alloys, and seveml of the salts which attacked the Hastelloy B severely
were without effect on the other alloys. Heavy attack occurred on
HastelILoyB with 18 campounde, on Haynes Stellite No. 21 with 3 conpounds,
end on S-59 and S-816 with only 1 compound.

It will be noted from table II that same of the materials showd
severe attack on Hastelloy B even though there was no evidence of
melthg of the compound.

Figures 1 to 5 are photo”&aphs of specimens showing the effect of
five comon compounds on the four alloys after heating for 17 hours
at 1~0° F b an air atmosphere. Four of these compounds (sodium
carbonate, pota8sim carbonate, I-itharge,and lead bramide) are of a
tyye that gave appreciable attack under the test conditiom while one
conpound (boric acid) gave relatively no attack. All five photographs
were taken at a ma+gdfication of approximately 1.X which suitably
illustrates heavy and mxiemte attack lm.twhich fails to bring out the
discoloration and staining associated with slight attack.

All.the data M_sted h table II were obtained in an air atmosphere.
k order to detemine whether similar attack would.occur under the same
heating conditions in atmospheres other than air, tests were made with
16 compounds on Hastelloy B in atmospheres of cerbon dioxide and
of helium. When making these tests, the “specimenswith the compound in

position were placed in a gastight coated-steel muffle, 2~-inch imide

diemeter by !23 inches long. This muffle was then positioned in a small ●

electric furnace so that one end of the nwj?flsprotruded several inches
from the furnace door. Before heating, the muffle was first flushed
with the gas after which a steady flow was matitdned under a pressure
of 2 inches of water throughout the heathg period. After raising the
specimens to lmOO F and holding for 17 hours at that temperature, they
were cooled in the furnace, removed, and exa.mined. The results,
sumarized in table III, tidicate that (1) the allsaltesdo not attack
Hastelloy B in atmospheres of helium or carbon dioxide, (2) the

. litharge, lead otide (red lead), and tmrium carbonate are corrosive la
both atmospheres, and (3) the calcium carbonate, cobalt oxide, and
sodium aluminate are corrosive in carlmn dioxide but not h helium.
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AITAIYSIS~ DISCUSSION

b

8

Ta%le II shows that most of the alkali salts are strongly corrosive
toward the illoys at 1~0° F in an air atmosphere. Normally, ceramic
coattngs contain mibstential amounts of allmli and the results of this
study suggest that hy omitting the offending ingredients coatings which
do not attack &stelloy B and other alloys cen he compounded.

One of the more Important olmervations h the yresent study is the
finding that the al&lies do not attack Bkatellay B at 1~0° F in an
atmosphere of carlon dioxide or helium. This fact, together with the
obsemation that the attack in air is mre pronounced near the edge of
the pile where air is most readily available to the compound-alloy
interface, indicates that the reaction of many of the campounds with the
alloys occurs @nm.rily by a reaction not with the alloy itself hut with
the oxide film which normally fomns when the alloy is heated in air.
These oxide fHms consist of complex combinations of the oxides of the
vsrious metab present In the alloy and the tightness of the oxide layer
may be very much altered by reaction with other materials with which
they come in contact. In this connection, 2heil (reference 1) states
that the protective scale which forms on chromium-containing alloys
for heathg elements may Ye destroyed if any alkalies are present h
the refractories, and this mechanism may eesily bring about destruction
of the element.

The ftiding that little or no attack by the alkalLes occurs in the
absence of air tidicates that if the ceramic coatings were quite
impezmealle the al.blies might then be incorporated into them without ill
effects. BMsver, the smallest break in the coating would, under these

I
conditions, permit the leginning of serious attack. Also rapid attack
might %e expected at my point of junction of coated and uncoated
surfaces, such as at tm end of a coated tur%tne %lade. In view of
these dangers, it appeers preferable to have, in all cases, coatings
which are substantially inert towerd the ofide films which form on the
aKLoys.

Table III shows that, even in an inert atmosphere of pure helium,
. LLtharge, red lead, and barium carlonate still attacked the Hastelloy B.

The mechanism of the attack fo$ these compounds, however, was clifferent
from that of the alkalies and aJlmlfne earths. Inspection of specimens
treated with Mtharge and red lead after”heating in the helium atmosphere
showed evidence of free lead. The attack was
been caused %y reduction of the lead compound
en alloying of the free lead thus formed with
present h the HasteUy B. Barium carlonate
attack by some similar mec=mn.

One imediate app~cation of the results
be in stressing the importance of appropriate

therefore believed to have
ly the alloy, followed by
some or a31 the phases
is belleved to have caused

of the present study would
fuel selection for gas-
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turline lnsteJJatims. Indications are that even tq’acesof alkald in the
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fuel oil-might prove corrosive on the alloy Tarts op&ating at high
te~erature and highly so on aJJ-oysof the Hastelloy B type. It is, of
course, recognized that the Possibility of alkali in kerosene is not
great hut it could conceivably be present on occaaion if poor ref~ry
practices were follmed. -o if heavier fuels were used at some M-me
in the future, there would be a definite danger of contamination by .
al.kaM.●

Table II shows that the attack obtdned with two milfides, cadiun
milfide and chalcopyrite, was moderately heavy at least h the case of
HastelJny B. The effeet of sulfur gases on heat-resisting alloys has
tieady been ,describedin an earlier report (reference2) and the
hportance of maintaidng the sulfur content of brosene at the lowest
possible value is believed obvious.

Table IX shows the lead compounds as a rule to be very corrosive on
the alloys. SmaJJ-qzantities of lead bromide are nomnally present h
leaded aviation fuels, and when using a fuel of this type in a gaa turbtie
an accelerated scaMng rate might well.he expected. If lead oxide were
fomned during conibustionthe attack, as is indicated in table II, would
in most cases be even more rapid.

CONCLUSIONS

The follming conclusions may be drawn
of mriouE comyounds on Hastell.oyB, S-816,
No. 21 alloys when heated at 1~0° F for 17

fium a study of the attack
S-590, and Haynes StelMte
hours:

1. Of four aSLoys tested.,HasteKloy B was found to be the most
susceptible to heavy attack ty the more corrosive coat~ @gredients
when heated h air.

2. In general, the compounds most corrosive toward the four alloys
tested were the aMsaMes, lead cumpounds, and some of the aIkal&ae earths.

3. The attack on Hastelloy B by eJka13es, wnich was very pronounced
in an air atmosphem at 1500° F, did not take @ace under the same
heatQ-conditions @ atmospheres of carbon dioxide or heliti.

~. From the results obtained it should be possible to prepare
coating COIQOSitions and techniques of a@-ication which will petit
the ceramic coat3ng of high-molybdenum alloys,to prolong theti life
under operating conditions which now produce early deteriom.tion.

,

National Bureau of Stsndards
Wmldngtonj D. C., Septmiber 25, 1947
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Oher@ioal OorQioaitlcul
(Perc& )

I’oml
AJ.loy Some

(a)

Or M 00 M3 Ii Ob Fe. o Ml 81

6 a6 AsLegheny MdluIn . O.oy-in. 20.26 19.92 43.43 4.6 4.65 3.63 2.58 0.30 O.y 0.45
steel LYorp. eheet

s -yy3 AUeghmy JAl&Lllm O.op-in. 19:15 19.13 19.63 3.95 4.313 4.19 %q’ .93
steel Oorp .

.47 .@ ..76
.91met

Emtelllq B Ee3nea StelJ-ite ;-h. slabs ----- 65.1 ----- 28.6 ---- ---- 4.7 .Op .99 .19
Caq.zay

cut frcnn
turbine blaim

kmes StelJlte Haynea Btal_Ute o.o~-in. 25.0 ----- 6g.o 6.0 ---- ---- ----- .2Jk ---- ----
No. a Oqpany sheet

%e S-816 md S-w materiala VBre hot-rolled at ‘21~0 b 2200° F, amealed 25 idn at El&Io F, .alr-oooled,

sandblaebd, mrubbed, ool.d-mlled one paea, bmkbi, md eheerwi. Eestelby B HOE out frm 6ux@us cwt

17urbtie blades. Infomwtim regdlng ]rqw?aticm @ trealment of Haynee StkUite I?o. El. eheet waa not

amilable.

%~ositicm of S&6 end S-59) mm for heats _Ued by menufaotwer. xsitionq of

IMnee sb~~e Ho. 21. me not for actual heats ueed but me t~ioal of these alhya.
caee was atpylled IIy the mmmfaoturer.

by dlffemnoa.

Mellay B and

AnalYals in eaoh
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TABLE III. - ATTACK OF 16 COMPOUNM ON HASTEUOY B

.

.

.
L

‘,

I

IN AIR, CARBON-DIOXDE, AND HELIUM ATM)SPBERES

AFEEEl17 HOURSHEATING AT 1~0° F

Atmx@ezm

Compond
(2)

(1) Carbon
dioxide Helium

Barium carbonate H M s

Borex H 1? N

Calcium carlmnate H M N

cobalt oxide H s N

Cryolite H Ii N

F1.uorspar M N n

Imui chromate H N N

Iead oxide (red lead) H M M

Leyidolite H N N

Lithaxge H M M

M9gnesium oxide H N N

Potassium alum H I? N

Potassim carbonate H N N

Sodium alumlnate \ H s N

SotiuulCdxxlate H N N

Sodium tungstate H N N

bee table II for composition and purity. T

2Attack designations same as table II - that is, H, hea~j M, Dtirate j
S, slight; and N, none.
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A

B
.

c

S-816 S-590

N ,M

I

Hastelloy B ‘Haynes Stellite
No. 21

s

I

1.
I
I

xl.

Figure l.- Specimens afterheatingfor 17 hours h airat1500° F; Row A, -
specime~ heatedwithoutadded-material.Row B, specimens on which
1 gram ofsodium carbonatewas placedbeforeheatingand notdisturbed
afterremoval from furnace. Row C, specimens treatedsame as row B
exceptforlightsandblast@ toremove scale. Lettersbetween two bottom
rows indicateattackratingsas describedh tableIL (Magnification,1.5X.)
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S-816 S-590

A

B

M M

Hastelloy B Haynes Stellite
No. 21

r————lr————l
/,:4

s

L.‘j.
—— .

Figure 2.- Specimens afterheatingfor 17 hours inairat1500° F. Row A,
specimens heatedwithoutadded material. Row B, specimens on which
1 gram ofpotassium carbonatewas placedbeforeheatingand notdisturbed
afjerremoval from furnace. Row C, specimens treatedsame as row B
exceptforlightsandblastingtoremove scale. Lettersbetween two bottom
rows indicateattackratingsas describedintableII.(Ma@fication, 1.5X.) ‘
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A

B

c

S-816

M M

S-590

lL----l

Haynes Stellite
No. 21

s

l.___. . — - .

Figure 3.- Specimens afterheatingfor 17 hours inairat1500° F. Row A.
specimens heatedwithoutadded material. Row B, specimens on which “
1 gram ofl!thargewas placedbeforeheatingand notdisturbedafterre-
moval from furnace. Row C, specimens treatedsame as row B except
forlightsandblastingtoremove scale. Lettersbetween two bottom rows
indicateattackratingsas describedintableIL (Magnification,1.5X.)
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17

.

S-816

A

B

S-590

cl_l_._lu
.

Hastelloy B Haynes Stel.lite
‘No. 21

/“”7
?.,..,::...

J ,,
.

,. ,,. ‘,,,

“.....,.” .,.....

‘. , ‘‘;:+,

s
_.— ...-.

-

Figure 4.- Specimens afterheatti for 17 hours inairat 1500° F. ROW A.
specime~ heatedwithoutadded-material.Row B, specimens on which ‘
1 gram ofleadbromide was placedbeforeheatingand notdisturbedafter
removal from furnace. Row C, specimens treatedsame as row B except
forlightsandblastingtoremove scale. Lettersbetween two botim rows

indicateattackratingsas describedintableII. (Magdfication,1.5X.)
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A
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S-816 S-590
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Hastelloy B
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,.i.’k$“,1.

No. 21

.
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Figure 5.- Specimens afterheatingfor 17 hours @ airat1500° F. Row A,
snecimens heatedwithoutadded material. Row B, specimens on which

l“gr= oflmricacidwas placedbeforeheatingad Dotdisturbedafter
removal from furnace. Row C, specimens treatedsame as row B except
forllghtsandblastingtoremove scale. Lettersbetween two bottom rows

indicateattackratingsas describedintableIL (Magnification,1.5X.)
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